Objective: Adequate dietary intake is crucial for optimum training and performance of athletes. There is almost no available information related to dietary practices among Omani athletes, especially during the competition. This study aimed to assess the nutritional practices (nutritional knowledge, eating habits and daily nutrients intake) among Omani male handball athletes in Muscat city, Oman. Methods: This is a cross sectional study including 35 male handball athletes involved in serious training for no less than three years. Data collection was done through personal interviews using a study questionnaire which enlisted questions relating to sociodemographic information, anthropometric measurements and nutritional practices. All the study participants declared no intake of anabolic steroids. Results: The mean age of the study participants was 27 ± 3 years. Their anthropometric assessment revealed that their mean height was 166 ± 12 cm, mean weight was 75 ± 10 kg, and body mass index was 27 ± 3. Nutritional knowledge analysis revealed that 80% had no nutritional supervision by a nutritionist/dietitian. Their knowledge of nutritional requirements was only 23% correct for total energy intake, 63% for protein intake, 46% for carbohydrate intake, 11% for fat intake and 83% for water intake. Eating habits indicated that 55% had <3 meals/day, 51% had lunch as the principal meal, 51% always added extra salt to their food, 28% took protein supplements on a daily basis, and 51% used pre-competition glycogen load diet. However, none consumed vitamins or mineral supplements. The mean daily caloric intake was 3674 ± 265 kcal/ day, which was roughly comprised of 596 ± 66 g carbohydrates, 147 ± 28 g of protein and 78 ± 20 g of total fat. Conclusion: Professional nutritional supervision is needed in order to improve the nutritional knowledge and eating habits of Omani athletes, and therefore improve their athletic performance.
Introduction
Substanti al evidence points towards the ignorance of athletes with regards to their required nutritional practices as reflected by the wide use of drugs to increase performance in training, unregulated consumption of protein supplements, amino acid supplements, pseudo-vitamins (inositol, carnitine and lecithin), minerals and vitamin supplements, and sports drinks. 1 An adequate and balanced diet (both in terms of quantity and quality) with sufficient water supply represents a safe and healthy alternative that can promote peak athletic performance. 2 An adequate and balanced diet for the athletes should not only provide enough calories to meet their daily energy needs but must also meet the needed vitamins and mineral requirements. In particular, during times of high physical activity, an adequate and balanced diet should ensure that the energy and macronutrient needs are met to maintain the body weight, to replenish glycogen stores, to provide adequate protein to build and repair tissues and to provide essential fatty acids and fat soluble vitamins. 3 The percentage contribution of daily energy intake from macronutrients is 65% of total energy intake from carbohydrates, 12-15% from protein and 20-25% from fat, as recommended by sports and health societies. 4 With respect to energy requirements, physical activities are classified into two categories; strength and endurance exercises. The strength exercise is very short in duration (several seconds) and is a non-oxygenated mediated process that involves the rapid hydrolysis of the stored intracellular adenosine triphosphate (ATP) to adenosine diphosphate (ADP) to release energy. 5 The endurance exercise is longer in duration (several minutes) and is an oxidative-mediated process that requires oxygen for the mitochondrial energy-mediated processes, the Kreb' s cycle and the electron-transport chain. 6 The ATP-creatine phosphate system is significantly depleted within 10-20 seconds, and therefore cytosolic glucose and glycogen are anaerobically catabolized (glycolysis pathway) to provide the muscles with ATPs to maintain the activity, with ultimate accumulation of pyruvic acid or lactic acid. 7 Accumulation of lactic acid not only reduces the intracellular pH below 6.4, but also inhibits the rate limiting enzymes of glycolysis including phosphofructokinase. 8 This negatively inhibits the ability of working muscles to continue with the onset of muscle fatigue symptoms. 9 Exercise also raises the internal body temperature, and water is therefore essential to tolerate and balance such thermal effects.
However, when this mechanism is not efficient, especially during vigorous exercise practices, the body can undergo dehydration representing a major health concern that can impair physical performance. 10, 11 Drinking water is recommended at an average rate of 1 ml/kcal/day for combating any such physiologic and/or environmental variations. 12 Athletes have unique needs that include sufficient caloric intake for sport, adequate hydration, and timing of meals for peak performance. However, they are often misinformed or have misconceptions about these topics. 13, 14 The lack of professional nutritional supervision of athletes can result in adopting wrong dietary and nutritional practices, which can negatively affect their athletic performance, in particular by impairing the metabolic pathways of energy production. 15, 16 Therefore, this study was conducted to evaluate the nutritional practices (nutritional knowledge, eating habits and daily nutrients intake) among male handball athletes in Muscat city, Oman.
Methods
This descriptive study was held in collaboration with the Omani Handball Association and included 35 athletes who were involved in a serious training program for no less than three years to prepare for national competition. All enrolled study participants were recruited on a voluntary basis and signed informed consent forms. The study proposal was approved by the Research Ethical Committee at Sultan Qaboos University.
Data was collected through personal interviews and included questions pertaining to socio-demographic data (age, level of education, occupation), anthropometric characteristics (weight, height, body mass index [BMI]), and nutritional practices (nutritional knowledge and daily nutrient intake). Body weight was measured to the nearest 100 g, with minimal clothing and without shoes, using a calibrated portable TANITA scale. Height was measured to the nearest cm with the subject in full standing position without shoes using a calibrated portable measuring rod tape. Body mass index (BMI) was defined as the individual's body weight divided by their height squared (kg/m 2 ). Nutritional knowledge of the athletes on sports nutrition was evaluated, the study participants were asked to answer whether they knew the adequate percentage of macronutrients from the total energy intake that was indicated for them, and the nutritional knowledge were graded as: good (70-100% correct answers), fair (50-69% correct answer) or poor (less than 50% correct answers). The questionnaire was divided into four sections; (i) Knowledge of nutritional recommendation which included 6 questions pertaining to the athletic requirements of total calories, carbohydrates, fat, protein, water and vitamins; (ii) Knowledge of healthy weight loss methods which included 2 questions on the use of either diuretics or nutrient intake during caloric restriction period; (iii) knowledge of the glycogen load; (iv) Knowledge of basic nutrition which included 10 multiple choice questions about the role of macro-and micronutrients (vitamins and minerals) in energy production.
The retrospective dietary intake of the study participants was estimated using a semi-quantitative food frequency questionnaire (FFQ), where all subjects were asked to report the frequency (how often) and portion size for each food item consumed over the past 6 months, this period was chosen to take into account the seasonal variation in food consumption. The FFQ was adapted according to portion sizes based on commonly used household serving units/utensils in Oman, and was tested for its validity, reliability and reproducibility before conducting the study. The nutrient intake analysis was estimated for all foods consumed by the study subjects as reported in FFQ, using a standard computer-assisted software (ESHA Research, version 10, Salem, OR, USA). The collected data was coded, tabulated and expressed as means and standard deviation (SD) for continuous variables or percentages for categorical variables.
Results
All enrolled study participants declared no intake of steroid anabolic hormone, minerals or vitamins supplements. The data on the general characteristics of the studied subjects according to their level of education, occupation, number of training hours/day, number of training days/week and the presence of nutritional supervision is presented in Table 1 . The mean age of the study participants was 27 ± 3 years. Their anthropometric assessments revealed that the mean height was 166 ± 12 cm, mean weight was 75 ± 10 kg, and body mass index (BMI) was 27 ± 3. Fig. 1 shows the distribution of the studied sample according to their sources of nutritional information, and it was observed that 54% of the study participants acquired information from their coaches, 26% from sports magazines, 11% from peers and 9% from television. The data on the responses of the participants with regard to their nutritional knowledge is presented in Table 2 . The answers showed that only 23% of the respondents gave correct answers for total energy intake, 46% for carbohydrate intake, 63% for protein intake, 11% for fat intake and 83% for water intake. The nutritional knowledge of the study participants was rated as fair. Table 3 represents the nutritional practices of the study subjects and results were scored either as good, fair or poor practice. The results revealed that 54% had poor dietary practices (<3 meals/ day), 51% indicated that lunch was their principal meal, 51% always added extra salt to their meals, 28% had intake of protein supplements on a daily basis, and 51% had pre-competition glycogen load diets. However, none of the study participants reported the use of minerals or vitamin supplements. Fig. 2 presents the mean daily caloric intake which was 3674 ± 265 kcal, which was on average, contributed from the daily intake of 596 ± 66 g of carbohydrates, 147 ± 28 g of protein and 78 ± 20 g of fat. The difference between the daily intake of macronutrients was significant based on one-way ANOVA test followed by Tukey's test (F=43.45; R square=0.46; p=0.001).
Figure 2:
The daily macronutrient intake by the study subjects. (Data presented as mean ± SD). 
Discussion
In the present study, we examined the nutritional practices (knowledge, eating habits and dietary intake) of Omani male handball athletes. The results showed that the enrolled subjects on average had a BMI of 27 ± 3, which may be because of their additional lean body muscle mass but may simultaneously be an indicator of a greater desire to be overweight, as the International Obesity Task Force (IOTF), stated the BMI (kg/m 2 ) reference values in adolescents (18 years and older) to be as follow: Normal: 18-25, Overweight: 25-30, and Obese: ≥30.
The importance of an adequate diet and healthy food choices in optimizing health status, fitness level and athletic performance are well recognized. 3, 15 Sound nutritional practices and well-designed patterns of eating are required for optimal athletic performance as poor eating habits and suboptimal hydration choices can detract from athletic performance. It has been suggested that dietary strategies should target the factors that may cause fatigue and therefore, ultimately reduce the athletic performance. 13 In a previous study, we reported that irregular lifestyle and wrong dietary habits of young Omani students were significantly related to their body weight and nutritional status. 17 The nutritional knowledge of the study participants was rated as fair since only 23% of the respondents gave the correct answers for total energy intake, 46% for carbohydrate intake, and 11% for fat intake. However they showed a better knowledge of protein and water intake requirements; 63% of the respondents gave correct answers for protein intake and 83% for water intake.
The enrolled subjects were rated as having a fair nutritional knowledge. These results are in line with the previously reported data, which indicated that athletes did not demonstrate sufficient nutritional knowledge for their performance needs despite a reported high interest in nutrition. 13, 18 Nutritional misconceptions and a lack of nutritional knowledge of fluid intake, hydration, pre-competition meals, as well as for protein, energy, minerals and vitamin needs have been reported among athletes. 19 Such misinformation may lead to wrong food choices and may affect their performance. 20 The results also indicated that the nutritional knowledge of the enrolled Omani athletes mainly came from their coaches, as there was no direct professional nutritional or dietary supervision available. Most of the athletes tend to acquire nutritional information from magazines, health food store personnel, coaches, gym owners, and from other athletes. 21 Some athletes also sought nutrition information and guidance from their parents, friends, physicians, dieticians and nutritionists. Coaches however, often play an important role in influencing the dietary habits of athletes, but have been reported to recommend inappropriate macronutrient and protein intake, fluid restriction and weight gain for athletes. 18 Most coaches have limited knowledge and training in nutrition, yet often provide nutritional advice. It is therefore important that people who provide nutritional guidance to athletes have the appropriate knowledge base and dispense accurate information.
Both the athletes and their coaches are required to have sufficient nutritional knowledge to enhance the athletic performance and optimal health. A development of effective nutrition-education programs is required to increase the nutritional knowledge of athletes as well as their trainers, since nutritional education may significantly influence towards changing their dietary behaviors. 22 A systemic review by Heaney et al. (2011) suggested that the relationship between greater nutritional knowledge and better dietary intake is limited. 13 There is however, a need to develop valid instruments to assess the general and sport-specific knowledge and compare it with the athletes' dietary intake.
The results also revealed that the study subjects exhibited poor eating habits and dietary practices, their meal consumptions were rich in carbohydrates, red meat, saturated fats, and with fewer intakes of fresh fruits and vegetables. The average daily percentage of energy contribution from carbohydrates, fats and proteins was however within the recommended limits. 
Conclusion
Overall, our findings suggest the need to develop strategies designed to formulate tailor-made nutrition education programs to improve the competence of Omani athletes and thus improve their nutrition knowledge for healthy eating and dietary behaviors in order to ultimately deliver optimum health and athletic competence.
